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A FEASIBILITY STUDY OF A REMOTE AREA 

LAND TRANSPORTATION CONCEPT 

by 

M.  M.  DeLong and D.  N.  Cos» 

INTRODUCTION 

The coit of conttructing and n\aintaining a conventional all-weather fetder-road 
network in the remote areas of tropical and »emitropical regions of developing countries 
is very high and often cannot be justified.    However,  some type of all-weather feeder- 
transportation capability is necessary to increase economic activity, enhance civic action 
programs,  and maintain adequate security against insurgency. 

A.  N.   Tedesco,  Mobility Program Manager,  Project AGILE, of the Advanced Re- 
search Projects Agency,  suggested a land-transportation concept that may provide a solu- 
tion to this problem and has requested the Remote Area Conflict Information Center at 
Battelle to outline this concept in some detail and obtain a preliminary assessment of its 
feasibility. 

The concept consists of a vehicle-roadway combination.    The vehicle is a com- 
mercially available item presently used as an off-road vehicle by several industrial 
concerns; its most distinguishing feature is the type of tire used.    Relative to ordinary 
automotive tires, it has large ground-contact area and volume and a minimum number of 
fabric plys; it uses a very low inflation pressure.    In some cases, the vehicle has an 
amphibious or fording capability.    The vehicle is matched with a minimal roadway.    This 
minimal roadway makes possible greater vehicle speed than can be achieved in off-road 
operation.    However,  maximum use is made of the vehicle's off-road ability to minimize 
the need for such high-cost,  road-construction operations as roadbed and surface prepa- 
ration and construction of drainage facilities and bridges. 

The scope of this study covers only the description and a preliminary assessment 
of the concept's feasibility.    No attempt was made to predict the overall demand for or 
benefit from this concept.    It wa*» assumed thai the concept would be utilised in the 
example applications and that other critical problems, such as fuel and spare-parts dis- 
tribution,  management of the operations, training of personnel,  etc., could be overcome. 

The concept appears feasible in the context of the requirements considered in this 
study; that is, as a feeder-transportation concept, it could offer a significant advantage 
over existing fair-weather or aU-weather alternatives.    The next appropriate step in 
evaluating the roncept would be to conduct a simulated or actual pilot test to obtain more 
definitive data on performance and costs. 
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SUMMARY 

: 
Low co.t and adequate capacity were the two primary characteristics considered 

in evaluating the feeder-transportation concept.    The problem in trying to obtain such 
characteristics arues from the extreme weather and topographical condmons which J 

prevail in tropical areas. 

Existing native trails now serving as feeder-tran«.portation matrices are öfter, 
impassable for conventional vehicles for one-fourth to one-third of the year because of 
the heavy annual monsoon rains.    Even when the trails are passable,  the surface is 
very rough and often very dusty,  and this imposes severe operating conditions on con- 
ventional vehicles.    Consequently,  conventional vehicles have a relatively low utiliza- 
tion rate and short life (e.g.,   50, 000 miles/3 years).    Conventional all-weather road» 
could alleviate many of these problem» and.  in fact,  are often used a» ^****<**'   x 

porution links.    However,  they are »i:n?ly too expnisive (e.g., $25,000-$50: 000/nv.le) 
to be extended to cover the feeder-transportation situation. 

ARPA/AGILE »pecified the type of vehicle for this concept.    The three v«hicle« 
considered were the Rolligon Corporation's Marsh Skeeter (2000-lb payload),   the Shell 
Development Company's Shell Crab (4000-lb payload).  and Shell's modified Ford F-600 
truck (6000-lb payload).    A detailed description of the vehicles is presented in Appen- 
dix A.    These vehicles use a unique type of tire (large volume,  large contact area 
flexible carcass,  low inflation pressure (see Table 1, page 5, for additional details) and 
are especially suited for the situation under consideration. 

The very nature of an off-road vehicle (relatively low payload-to-weight ratio and 
operational speed, compared with conventional highway vehicles) raised the question as 
to whether the ROT£*-vehicle/minimal-road combination could provide sufficient 

capacity. 

Studies of transportation characteristics in remote areas indicate that a traffic 
volume of 50 vehicles/day or less (75 to 90 percent of these are »^J- and bu8e9) on 

feeder links is typical.    The payload of these vehicles ranges from 4000 to 25,000 
pounds,  depending on the vehicle size and type and the road condition     Assuming this 
Ko be a reasonable estimate of the capacity required,  the capacity of the ROTE-vehicle/ 
minimal-road combination concept was established at a maximum of 40 tons/day pass- 
ing any point.     This would be equivalent to 15 to 25 ROTE vehicles/day passing a point. 

Depending on terrain conditions,  one of three different minimal-road construction 

techniques would be necessary: 

Minimal Road Type        Construction Operation  

1 Improvement of existing paths or trails 

n Establishment of roads through virgin areas by clear- 
ing surface vegetation and using the natural earth 
surface as the roadway 

IH Establishment of roads through virgin area« by clear- 
ing surface vegetation and performing a minimum 
amount of cut-and-fill operations. 

•ROTE vehicle:  feU.gon b.g f Tcrr.-.ire Equipped veh.cle.   Th« .erm i. uKd th-cughou. «he repon to indic.e vehicle, of 

thii general type. 
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There is a wide variation in road and vehicle costs between different developing 
countries and cost figures averaged over more than one country lose much of their 
meaning.    To avoid this problem for analysing the feasibility of the concept,  the area 
of Sakon N-* Khon Province in northeast Thailand was selected.   The «election was made 
after discussions with ARPA/AGILE and AID personnel.    The need described was 
provision 01 transportation links from district administrative centers to the provincial 
capital (Sakon Na Khon) or to existing all-weather roads leading to the capital. 

Three possible road segments,  totaling 46.9 miles,  were selected.    Depending on 
the surface and topographical characteristics, the estimated minimal road construction 
costs (for a road with a 3-year life) ranged from $800 to $4000/mile.    The average cost 
would be $1300/mile with an annual maintenance cost of $300/mile.    Conventional all- 
weather roads in this area were estimated to cost a minimum of $30, 000/mile. 

The initial cost of the ROTE vehicles,  including purchase and shipping cost but 
not import duty, would range from $11,000 to $14,000.    Annual operating costs,  includ- 
ing depreciation,  maintenance,  and operator salaries, would range from 40 to 65 per- 
cent of the initial cost.    Annual mileage is estimated at 28, 650 miles.    Table 3, 
page  17,  described how this figure was obtained. 

Feasibility of the concept was judged on (a) whether or not the 'ehicles could be 
operated profitably by both shippers (or passengers) and operators and (b) whether or 
not the minimal road would offer more miles of road/unit of investment than existing 
all-weather roads. 

On the hat's of estimated vehicle revenue,  the vehicles appear feasible to oper- 
ate.    That is,  the revenue would be sufficient (in nearly all cases) to cover all operating 
costs and provide varying amounts (0 to 180 percent of the operating costs) for manage- 
ment overhead. 

The minimal road as defined also appear» feasible.    That io,  23 times more miles 
of all-weather minimal roads can be constructed than miles of conventional all-weather 
roads for a given investment.    Also,  the annual cost/mile,  including depreciation and 
maintenance costs, would be only about one-fifth the cost of conventional roads.    How- 
ever,  the aniv al return that must be realized for a given investment is approximately 
three times greater for minimal roads than for conventional-road alternatives. 

The favorable conclusions of the feasibility of the concept must be considered as 
strictly preliminary. The next appropriate action is a simulated or actual pilot test to 
obtain realistic field data for further evaluation. 

CONCLUSIONS 

On the basis of the assumptions made in this study relative to (1) cost of construct- 
ing and maintaining minimal feeder roads and (2) the purchase ai d other costs,  annual 
mileage,  and average speed of ROTE vehicles,  the following conclusions have been 
reached: 

(1)   The remote-area transportation-system concept presented is technically 
and economically feasible.    The system appears to be most advantageous 



(or situation» requiring the movement of 40 tons/day or lets over round- 
trip distance» less than 100 miles. 

(2) The ROTE-vehicle/minimal-road concept used as a passenger-carrying 
system could provide enough revenue in a typical situation to pay all 
vehicle operating costs as well as an additional 38 to 178 percent for 
management overhead. 

(3) The ROTE-vehicle/minimal-road concept used as a freight-moving 
system could provide enough revenue in a typical situation to pay all 
vehicle operating costs,  as well as an additional 4 to 78 percent for 
management overhead costs. 

(4) If a given investment were available for the construction of roads,  an 
area of approximately 23 units could be served by a minimal road instal- 
lation as compared with 1 rjiit of area served by a conventional all- 
weather road.    However,  an annual benefit (revenue) approximately 
three times greater would have to be realized for the min;n»«1-road in- 
stallation than for a comparable conventional-road installation. 

RECOMMENDATIONS 

The following recommendations foi further action a.-e made on the basis of the 
study: 

(1) Verify the vehicle cost and productivity information in actual or simu- 
lated pilot tests and identify required operating procedure and main- 
tenance facilities and procedures. 

(2) Verify the minimal-road costs and life estimates in actual or simulated 
pilot tests. 

(3) Define and investigate the overall aspects of the »y»tem that are re- 
lated to this transportation concept such as fuel and spare-parts distribu- 
tion system,  management requirements,  personnel-training requirements, 

CONCEPT DESCRIPTION 

The characteristics of the overall concept were arrived from the fixed character- 
istics of vehicles specified by ARPA/AGILE and the restrictions encountered in attempt- 
ing to d;vise a low-cost road with adequate capacity.    Performance characteristics of 
the vehicles were obtained from the vehicle manufacturer» and users,  and the minimal- 
road characteristics were based on the personal experience of the authors. 
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ROTE Vehicle« 

The three vehicles considered in evaluating this concept are shown in Figures I, 
2,  and 3,  and detailed information concerning them can be found La appendix A.    The 
tire* of the three vehicles are quite similar in performance characteristics, although 
the 'Uameter-to-width ratios are somewhat different.    The resultr and advantages of 
using this type of tire are listed in Table 1. 

TABLE 1.    CHARACTERISTICS OF TIRES USED ON ROTE VEHICLES 

Tire Characteristics Result Advantage 

Large ground-contact area 
in relation to wheel load 
which provides low con- 
tact pressure 

Carcass flexibility 
(minimum number of plys, 
low inflation pressure) 

Large volume 

Tends to minimize vertical 
deformation of soil; large 
area to develop thrust 

Low rolling resistance due 
to carcass flexure; resists 
punctures by conforming 
to (enveloping) obstacle; 
conforms to uneven terrain 
surface and large obstacles; 
attenuates impact when 
driving over uneven ground 
or obstacles; tire tends to 
deform rather than abrade 
on hard surface 

Flotation for amphibious op- 
erations can be achieved 
entirely with tires; no need 
for displacement hul! 

Reasonable power re- 
quirement; minimizes 
immobilizations; mini- 
mizes rut damage to 
roads 

Reasonable power re- 
quirement; tire is dur- 
able over difficult 
terrain; good obstacle- 
negotiating ability; pro- 
vides relatively smooth 
ride without additional 
requirement for a sus- 
pension system; no 
excessive wear on hard 
surfaces 

Entrance and exit maneuv- 
ers in streams do not 
cause swamping of en- 
gine or cargo 

ROTE vehicles have been designed primarily for uff-road use by industrial firms. 
In addition to the good performance over difficult terrain,  a number of other advan- 
tageous features are available.    First,  these vehicles have the ability to travel over 
conventional roads without modification.    Seconü,  most of the engine and drive-train 
components are very rugged,   reliable,  and widely used items.    Third,  the vehicle 
frames are either very simple in design or mass produced.    These features make local 
assembly or fabrication possible. 
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Minimal Roads 

Required Capacity 

Very little information is available pertaining specifically to the volume of traffic 
handled by the feeder roads in remote areas. However, the capacity can be deduced by 
examining the information available for better-quality conventional roads. 

The traffic volume on the arterial roads and highways of remote areas may range 
from 100 lo 1500 vehicles per day.    These arterial roads serve the major population 
centers and provide transportation for raw materials and produce moving out from the 
remote areas and manufactured goods from the larger metropolitan centers moving into 
the remote areas.    Trucks and buses constitute 75 to 90 percent of the traffic on the 
main roads and could be expected to account for the majority of motorized traffic on the 
feeder roads. 

The roads in remote areas can be categorized by quality and capacity as follows: 

(1) Primary Roads.    High-standard,  all-weather quality capable of 
handling over 500 vehicles (truck,  bus,  car) per day; high-type bitum- 
inous or concrete surface 

(2) Secondary Roads. Light-duty, limited all-weather quality capable of 
handling 100 to 500 vehicles per day; low-type bituminous, stabilized 
earth,  or well-compacted-earth or gravel surface 

(3) Feeder Roads.    Light-duty,  fair-weather quality handling less than 
100 vehicles per day; compacted-earth surface 

(4) Local Trails.    Dry-weather,  low quality capable of handling only small 
volumes of conventional traffic; natural earth surface. 

The payloads of the vehicles operating on these roads range from 2, 000 to 25, 000 
lb,  depending on truck size and road type and condition.    These figures,  although far 
from being conclusive,  indicate an order of magnitude of the performance which might 
be expected of remote-area feeder roads. 

Accordingly,   the maximum capacity of the ROTE-vehicle/minimal-road concept 
has been set at 40 tons/day past any point.    This would mean a ROTE-vehicle traffic 
volume of 15 to 25 vehicles per day. 

Required Construction Operations 

The required construction operations were specified on the basis of the expected 
ROTE-vehicle traffic volume and an estimate of possible terrain and topography situa- 
tions.    Three basically different minimal-road construction operations were found 
necessary: 



Mimmal Road Type 

1 

11 

111 

IG 

Construction Operation 

Improvement of existing paths or trails 

Establishment of roads through virgin areas 
by clearing surface vegetation and using the 
natural earth surface as the roadway 

Establishment of roads through virgin areas 
by clearing surface vegetation and perform- 
ing a minimum amount of cut-and-fill 
operations. 

In most developing countries with tropical climates of definite dry and rainy 
(monsoon) seasons,  laterite soil is the predominant road-building material.    Laterite 
is a general term denoting a class of tropical soils of complex origin which vary mark- 
edly from one place to another in composition,  texture,  and physical characteristics. 
The main advantage of a laterite-soil surface for a minimal road is that in most areas 
the laterite material is directly on the surface or just below the existing topsoil.    This 
means that very little clearing and excavation are usually required during construction. 
Some compacting,  shaping,  tnd grading of the laterite surface is desirable to facilitate 
drainage and to provide a relatively smooth riding surface.    If the laterite-soil road 
surface has a high gravel content,  it is easily maintained throughout all seasons of the 
year,  providing drainage is proper and the roadway is not inundated.    However,  if the 
laterite surface material has a relatively high clay content, the roadway surface be- 
comes very slippery and easily rutted by traffic in the rainy season. 

Conventional vehicles cause considerable wear of a laterite roadway surface (in 
some instances,  as much as 2 inches per year).    This wearing of the laterite surface 
results in a very hasardous dust-formation problem during dry weatirer.    However,  the 
basic characteristics of the ROTE vehicle,  such as low bearing   pressures and good 
mobility under extreme conditions of terrain and weather,  minimise the disadvantages 
of minimally prepared laterite roadway surfaces. 

A detailed description of the construction operations for the three minimal-road 
types is provided in Appendix B. 

FEASIBILITY STUDY 

Concept Application 

A meaningful preliminary evaluation of this remote-area transportation-system 
concept requires the identification of a specific location because the venations in road 
and vehicle costs from one location to another limit the usefulness of average values. 
ARPA/AGILE and United States Agency for International Development (AID) were con- 
sulted for suggestions of remote locations that had a requirement for such transporta- 
tion.    On the basis of needs identified and the availability of pertinent information 
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required for an evaluation,  an aret. of northeast Thailand was selected.    This area is 
the northeast province of Sakon Na Khon (Sakol Nakorn) (Figure 4).    The need is for 
transportation and communication links from the district administrative centers to the 
provincial capital or to existing all-weather roads leading to the capital (Figure 5). 

A more detailed discussion of the geographical characteristics and potential use of 
a ROTE-vehicle/minimal-road system can be found in Appendix C. 

Road Construction and Maintenance Costs 

The actual road-construction cost figures used in this analysis were derived by 
examining the composition and magnitude of conventional-road construction costs in 
developing countries.    The derivation is described in Appendix D. 

The road costs derived for the three types of minimal roads are shown in Table 2. 

TABLE 2.    MINIMAL-ROAD CONSTRUCTION COSTS 

Road Type 

I 

II 

III 

Coat/Mile,  dollar» 

0 to 800 

1,400 

2,000 to 5,000 

Road maintenance equipment for a minimal-roadway network could consist of a 
grader to perform the surface grading and tools for shaping and ditch cleaning and 
shaping.    A number of manual laborers would be needed to perform such roadside 
maintenance tasks as culvert cleaning and surface patching.    In addition to the grader 
operator, wno would have to be quite skilled,  a crew supervisor would be needed.    The 
cost of this maintenance is estimated at $300/mile per year. 

Cost of Example Road Segments.    Three possible locations for minimum roads in 
the Sakon Na Khon Province havo been developed as examples.    Because specific loca- 
tions were selected, the estimate of road costs is quite realistic for a study of this type. 

Example I.    The first example is a minimal road from Amphur Ban Akat to 
Route 26 at Ban Phok Noi (Figure 6).    At the present time there it an animal-cart path 
between the two village» that averages from 5 to 8 feet in width.    The terrain is nearly 
level,  and the path traverse» numerous rice fields which undoubtedly means that the 
path is inundated during periods of the rainy season and provides littlt,  if any, means 
of transportation.    The land that is not being utilised for rice fields is covered with 
trees or brushwood. 

Tiie total length of the path is 21.3 miles.    Of this,   1.9 miles are village streets 
that are 16 feet or more in width and constructed of a good loose surface material. 
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GEOGRAPHICAL AND ADMINISTRATIVE DIVISIONS. WEATHER 
STATIONS AND AGRICULTURAL EXPERIMENT STATIONS 

" 

FIGURE 4.    TERRITOR1/ L AND PROVINCIAL DIVISIONS OF THAILAND*9) 
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The.e streets would not have to be improved to «ccommodate ROTE vehicles.   Approxi- 
mstely 4 miles of the path appears to go through rice field».    Probably Type HI 
minimal-road construction would be required.    The remaining sections of the path 
totaling 15.4 miles, traverse woodland areas and the edges of rice fields and would re- 
quire Type I minimal-road construction.    Because of the proximity of the rice fields and 
the levelness of the terrain, the relative amount of clearing required would be less than 
in most wooded areas. 

The construction costs for this -oad segment would be as follows: 

Road Type Cost/Mile 

I $    600 

III 4,000 

Mile» 

15.4 

4 

Cost 

$ 9,240 

16,000 

Total       $25,240 

Example II.    Example II is a minimal road from Amphur Ban Akat westward to 
\mphur Wanon Niwat (Figure 6).    Presently, there is an animal-cart path between tt.e 
t   o villages similar to the one described in Example I.    The terrain in this area is 
sliahtly rolling toward the middle section of the path with maximum grades of about 
3 percent.    The terrain on either end of the path is fairly level.    Some sections of the 
path traverse rice fields, but most of the path crosses terrain covered with trees or 
brushwood. 

The total length of the path is 16 milts.    Of this total,   I mile is village streets 
and will not have to be improved to accommodate ROTE vehicles.    Approximately 
4 miles of the path appear to go through rice fields.    These sections of the road will 
probably require the Type III minimal-road construction.    The remaining 11 miles tra- 
verse the woodland areas and will require Type I minimal-road construction.    The 
slightly rolling terrain may require more extensive clearing than that required for 

Example I. 

The costs of this road segment are as follows: 

Road Type Cost/Mile Miles 

I 

III 

$    700 

4,000 

II 

4 

Total 

CoBt 

$  7,700 

16.000 

$23,700 

Example III.    Example III is a minimal road from Amphur Ban Kut Bak to 
Route 25 at Ban Lat Krachoe.    Presently, there Is an animal-rart path between the two 
Plages.    The terrain in the area is quite level along the first half of the P'^owe-r 
the latter part of the path is quite hilly (elevation, vary from 200 meters to 340 meters) 
where slopes of nearly 10 percent are common.    Also, there are several major streams 
that have to be crossed.    Most of the area is covered with trees or brushwood with a 
few rice fields scattered randomly along the path. 
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The total length of the path is 13 miles.    Of this total,   1/2 mile is village streets 
and will not have to be improved to accommodate ROTE vehicles.    Only 1/2 mile goes 
through rice fields: this will probably require Type III minimal-road construction using 
the dike method to widen the path.    The remaining 12 miles traverse primarily the hilly 
wooded terrain and will require the most extensive Type I minimal-road construction. 

The construction costs for thit road segment are as follows: 

Road Type Cost/Mile 

I $    800 

III 4,000 

Miles 

\l 

0.5 

Cost 

$ «»,600 

2.000 

Total       $11,600 

Average Cost for Three Examples 

The average cost of the 46.9 miles of road for the three examples is $1300/mile. 
The annual maintenance costs are estimated to be $300/mile. 

Vehicle Operating Costs 

A number of factors influence the magnitude of the various unit costs that are 
commonly used to appraise the performance of a vehicle.    Some of these factors can be 
determined only by experience; others are dependent on the particular application. 

The payload,  vehicle life,  maintenance requirements,  and fuel consumption used 
in this study were derived from the experience of two commercial concerns that have 
used these vehicles.    The vehicle cost, operating envelope,  fuel cost,  and operator 
salary are dependent upon the particular situation.    For this study they were based on 
the best information available for the Sakon Na Khon area. 

The initial vehicle costs used in this study include applicable overseas shipping 
costs.    Fuel costs ($0.40/gal for gasoline,  or $0.25/gal for diesel fuel) are based on 
the current costs to users in this area.    The annual mileage that could be traveled by 
the vehicles would depend on the speed that could be achieved,  the number of hours of 
operation each day,  and the days of operation per year.    A maximum average speed of 
20 mph was selected at the speed the ROTE vehicles could travel over minimal roads in 
good to excellent condition.    During seasons of heavy rainfall,   the average maximum 
speed would be reduced.    The annual mileage estimate is based on expected road sur- 
face conditions (Table 3).    Surface conditions are probably influenced primarily by local 
raimall.    The estimate of the daily mileage (operating time) of the ROTE vehicles is 
based on the frequency and probable length of stops.    With villages spaced every 5 to 
8 miles apart, it is estimated that the vehicles would have approximately S hours of 
operating time during an 8 to 10-hour working day. 

For this estimated input data the yearly cost, the cost/mile and the cost/cargo 
ton-mile were computed (Table 4). 
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TABLE 3.    ANNUAL MILEAGE ESTIMATES FOR ROTE VEHICLES 

Days of Estimated Av g- H ours of Operation 
Operation Vehic le Speed, mph per DayU) Miles 

244 20 S 24,400 
40 IS 5 3,000 
25 

Total 309 
10 5 

1545 
1,250 

28,650 

(a) 5 hour« of engine running time for «n 8 to 10-hour working day. 

To provide for comparisons between ROTE vehicles and other approaches a 
similar approach was taken to compute costs for a conventional truck on a fair-weather 
road and of a conventional truck on an all-weather light-duty road.    These estimates 
are also shown in Table 4. 

Potential Usefulness of the 
ROTL-Vehicle/Minimal-Road Concapt 

The real utility of the concept will depend on its effectiveness as an aid for 
government organisation's programs and activities and its acceptance by private organ- 
nations and individuals.    It was assumed in this atudy that the concept would be both 
effective and accepted. 

i: 
i; 
i: 
r 
( 

! 

Assuming acceptance by private organisations and individuals is somewhat spec- 
ulative, but there is some evidence the remote-area populations will respond enthusi- 
astically if such facilities are available.    Dr.   L.  W.  Huff gave the following report on 
the results of road-development activities in northeast Thailand which cites some en- 
couraging examples: 

". .. Villagers in one area of Northeast Thailand seem to be genuinely 
enthusiastic about the new roads,  usually for very practical reasons. 
Rice and other products can be shipped to market when prices are high; 
indeed,  the roads often bring the news that prices are high or low in the 
first place.    One villager spoke of the past practice (and necessity) of 
people in his village to take rice to market by ox-cart,  a 40 kilometer 
trip which requires about 48 hours.    Upon arrival, they were at the mercy 
of buyers who knew the villagers would accept a low price rather than 
take their loads bark home.    The availability of roads and trucks has 
changed this situation.    The farmer now has somewhat greater confidence 
in his ability to cope with what had heretofore been a rather unyielding 
market.    At Ban Na Khu farmers remember that two years ago there 
were times when they could not get their rice to market at all.    They 
also recall having to take three baht (15 cents) per tang of rice ("20 lb) ; 
now they can get up to seven baht (35 cents) per tang by shipping in quantity 
on trucks when the market is at its peak. 
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9,   an 

l   ailable on pa»»rngcr rates lor the area near Sakon 
tl ;rd wit i« rating co»t» prcvide» a rough estimate of 

hide» operated in this m 

appear rea»onable lor 12 to 25-mile one-way trip» in the area of 
Kl $0 OMb jasser.t r lightly traveled routes and $0.0?67/ 

• r heavily travel« .1 routes.    The passenger capacity of the ROTE 
..» estimated and possible revenues computed.    The results are tabulated in 
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ay include agricultur 

: 1  and  IZ. 

■   capability to move various type» of freight. 
wood,   or other natural re»ource» or incoming 

les could be operated in this mode as suggested 

An estimate of the feasit; i  this operating mode for the area near Sakon 
was derived from information on the possible price increase that might be ob- 

»1   pping ol ru" to the market. 

< nding on n 'price inc •ea»e),   shipping distance,   and vehicle u»ed,   an 
dual shipper could realize some profit a» tabula •  ; in Table» b,  7,  and fe. 
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FIGURE 7.    ARTIST'S CONCEPTION OF SECURITY POUCE VEHICLE 
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FIGURE 8.    ARTIST'S CONCEPTION OF PASSENGER VEHICLE - 
10-PERSON CAPACITY 
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FIGURE 9.    ARTIST'S CONCEPTION OF PASSENGER VEHICLE 
20-PERSON CAPACITY 
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FIGURE 10.    ARTIST'S CONCEPTION OF PASSENGER VEHICLE - 
30-PERSON CAPACITY 
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FIGURE 11.    ARTIST'S CONCEPTION OF FREIGHT VEHICLE - 

2000-LB PAYLOAD 
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FIGURE 12.    ARTIST'S CONCEPTION OF FREIGHT VEHICLE - 
6000-LB PAY LOAD 
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Comp«ri»on of Minimal- and 
Convpntional-Road Investment 
and Return «r 

From the planning viewpoint it it desirable to know what advantage« could be 
gained by investing a given amount of maney in a minimal road as compared with a 

conventional road. 

Assuming the ROTE-vehicle/m..nmal-road concept can provide sufficient capacity 
to meet the demand, the two approaches can be compared on the basis of construction 
and maintenance costs.    The cost figures u. ed are as follows: 

(1) The minimal road costs an average of $l300/mile to construct 
and an average of $300/mile/yr to maintain and has a 3-year life. 

(2) The all-weather conventional road costs $30,000/mile to construct 
and $2000/mile/year to maintain and has a 15-year life. 

The ratio of miles of road or areas served (for a given investment, A) is simply the 
ratio of construction costs,  i.e.: 

Miles of minimal road 1300    _   30,000 m 23   l 

Miles of conventional road A 1300 
30,000 

The ratio of maintenance co«ts/mile/yr is: 

Maintenance cost for conventional road        2000 _ ^  7 

Maintenance cost for minimal road 300 

If the ratio of annual revenues (or benefit if the effect cannot be quantified in 
monetary terms) required for return on investment is computed, the relative merits of 
the two approaches are srmewhat less than above. 

For example,  with a give" investment. A, a minimal road would require an 
annual return (benefit) of 0.6'. A.  [i.e., depreciation (0. 33A/yr) + maintenance (0.23A/ 
yr) + interest (0. 05A/yr) = 0. 61 A).    A conventional all-weather road would require 
annual return (benefit) of 0. 19A.  [i.e., depreciation (0.07A/yr) + maintenance 
(0. 07A/yr) + interest (0. 05A/yr) = 0. l9A/yrl 

The ratio of return (benefit) is then 

Annual return (benefit) for minimal road (for an investment.  A) s
061A

s3.zi. 
Annual return (benefit) lor conventional road (for an investment. A)    0.19A 

However, the area served by the minimal roads is 23. I times larger, and the larger 
required return (benefit) could probably be realized. 
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APPENDIX A 

VEHICLE CHARACTERISTICS 

Spgcificationa of Rolligon Corporation's Four-Wheel-Drive 
Marsh Skeeter,  Model 4450 

Terrain:   fully amphibious 
Payload:   2000 lb maximum 
Curb weight:   3100 lb 
G. V. W.      5100 1b 
Turning Radius:   19 feet 
Tires:   Four Rolligon 40 x SO cleated bags,  all powered 
Ground bearing pressure:   Empty     1.4 psi 

Loaded   1.8 psi 
Ground bearing area:   2800 sq inches (700 sq inches per tire) 
Frame:   steel construction,  articulated 
Steering:   Hydraulic power steering 
Width,  overall:   9 ft 11-1/2 in. 
Length,  overall:   13 ft 0 in. 
Height,  overall:   6 ft 1 in. 
Wheel base:    100 in. 
Cargo deck: Height   43 in. 

Area       31 sq ft 
Width       6 ft 1 in. 
Length     5 ft 1 in. 

Engine:   Ford Model 172, 4 cylinder, watercooled,   172 cu in.  displacement,  develops 
68 hp at 2800 rpm.    Engine is governed at 2400 rpm producing 65 hp. 

Instruments:   ammeter,  oil pressure gauge,  hourmeter,  water temperature gauge 
Electrical system:    12 volt 
Transmission:   4 speeds and reverse,  manual shift 
Axles:   Model 70 Spicer with no spin differentials 
Brakes:   on drive line,  hand-lever operated 
Fuel-tank capacity:   8 gallons 
Winch:   front mranted 8000-lb capacity 
Top speed:   Land     30 mph 

Water     3 mph 
Gradeability,  percent: Forward slope 60% 

Side slope 60% 
Angle of approach      60* 
Angle of departure     80* 

Maximum height of vertical obstacle vehicle can climb:   24 inches 
Cruising range:   land 100 miles with 8-gallon tank 
Ground cleara'.ice:   20 inches 
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Specification« of Shell Development Company's Shell Crab 

Wheelbaae:    112 inches 
Wheels:   Oubie Clark Manufacturing Company 
Tires:   46 x 30 x 16 inches - 4-ply nylon Terra tires 
Air pressure:   4 psi 
Maximum wid'h:   8 ft 0 in. 
Maximum le.igth:    14 ft 1/2 in. 
Flotation:   4000 pounds 
Weight of tractor:   4900 pounds 
Drive:   four-wheel 
Power steering:   four-wheel 
Seats:   three passenger 
Axle type:   NAPCO axle; formerly used on the front of a G. M. C.  2-1/2-ton 6x6     The 

axle tube on the long side cut and machined to same length as the short side 
making a center differential axle.    All axle shafts are the same length 
Axle Ratio - 6. 60 to 1. 
Frontaxl«:   Front axle has a model 1-E 26 no spin differential. 

Wmch:   Model 100 King mounted on front of tractor. 
Winch Line:   125 ft of 5/16-inch 6 x 19 IPS IWRC winch line with 5/8-lnch tall chain, 
brakes:   Mechanical hand-brake type.    The .enter shaft of transfer case Is extended to 

the rear and a Jeep hand brake Is Installed with a standard notched brake lever 
serving as a vehicle brake and a parking brake. 

Engine:   Ford Falcon six cylinder,   170 cu in.  displacement. 
Maximum gross horsepower,   101 at 4400 rpm. 
Bore 3. 50,  stroke 2. 94 

Cooling:   Extra cooling radiator and fan Installed for Ford Falcon engine 
Governor:   Hoof Model K230 TA561 locked with a key. 
Hourmeter:   Hobbs Model MI961 MI672 switch. 
Clutch:   Ford Falcon 8. 5-in.  - 67. 6 sq In. 
Clutch to transmission adapter:   shop made 
Transmission:   Warner T-9 Special P. T. O.  opening on both sides.    Four speeds 

forward,  one reverse.    Sliding gear selective type.    Reductions,  low 
6.40 to 1,  second 3.09 to 1,  third 1.686 to I,  high-direct,  reverse 
7.82 to 1. 

Transfer case:   Napco spur gear,  drop-box type.    Ratio - 2 to 1 
Power takeoff:   37F7KU Tulsa with a double shaft to operate winch In front and propeller 

on rear. 
Propeller:   Evlnrude Part Number 378571 - pitch 103/8 Inches x 14 Inches 
Drive shafts:   Napco 
Power steering:   Ford truck power steering,  with a F750 pump. 
Hydraulic pump:   Three-position selector valve for: 

(1) Front-wheel steering 
(2) Four-wheel steering 
(3) Oblique steering 
Char-Lynn power steering sector.    Dukes hydraulic cylinders. 

Radio:   Aluminum radio box combined with tool box. 
Cap box:   Aluminum cap box lined with 1/2-lnch plywood and 7/8-lnch felt. 

Capacity:   10 capv 
Powder box:   Aluminum powder box lined with 1/2-lnch plywood. 

Capacity:    150 pounds of powder. 
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Seismic cable r»ck«:   6 breast reel hold-down racki.    Seismic Seismometer jug racks. 
Gasoline tanks:   Two - 7-gaUon marine tanks with gauge and quick couplings. 

Tanks can be removed,  filled,  and returned. 
Generator:   Leece Neville 40-amp alternator. 
Battery:    12-volt Auto Lite with marine battery box. 
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STANDARD EQUIPMENT 

fNOMI: Forf  MO *« 
ENOINI lOUIfMINT: 

Air Cteoner, Oil-Bath 1 «iu»rt 
CrankcM» Emiwion Syrtom  Open 
Oü FUtdr FuU-Flow Dupooable-Typo. 1 quart 

AlTtRNATOR: AutoUU 3« »mp-STO w«tl 

AXU. PROMT: Ford 6000 lb. 

AXll, RIAR: Rockwrtl F-1C« 16.000 lb. 
IUÜ<>  fi«to, 

•ATTIRY:   12 volt-66 pUitM-66 amp-hr 

IRAKIS, SIRVICI Vacttum-Hydraulic 
Front 14'12}^ 
Roar 1»'«<' 
Vacuum Boooter. Diaphragm-Di« UH to- 

•RAMS, RARKWO: Bendii Internal Shoo        9' « 2' 
Loration 9tm of Tranamiaaion 
(OnrMn lm*r » Cad and WindMhirM modtfa.) 

g^§.     Standard Conventional 

ClUTCM HD il,-123.7 aq. in. 

«AMI Sinflo Channd 3«.000 I-I 
Section Modulua-132' thru 174* wb   9.46 

194' wb 1064 

full TAMK: 19.5-««i. Inrfda Cab 
il-tnl  LH. tmUuU frame w Oml or WIIUMUU) 

SPRINGS, PROHT: Capaci'v «t Pa.1 2600 lb. 

SfRINGS, RIAR:     Radiua-Loaf Type 
Capacity «t Pad «'00 lb. 

«TIMING Gommer 376 

TRANSMISSION:     4-Speed Direct 
Synchronind New Proce« 436 

TIRIS: F A OR     Tub*-Type 7.60 i 20 8Ph 

WMIliS Si« 6-Hole Dim: 
RiiiiaRH6*         Six 20 i 6.0 

AOOmONAl STANDARD TOUIPMINT: 
Ammeter and Oil Preaeure Gauge 
Bumper. Front—Channel 

tDome Liaht 
tDoor Locka, LH and RH 
Horn, Single Electric 

•ICC Emergency Flaahor      ....... 
•Mirror  LH - Non-Telrocopic (Shipped loooe) 
tRuni!:<ig Board« 
'Seat U*lto.LH and RH 
Tun« Signale: _  ..   .     „ 

•Double-Faced Front, TaillighU Rear 
Switch. Lever and Wiring —Cowl ModeU 

•Windahk-ld Waahei» _ m . 
•Windiihield Wiper». Dual Electnc-Single-Speed 

•EMcrpt C<ml modtU. 
tEnrp« rooV A WtiuUhiM modrl* 
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OPTIONAL EQUIPMENT 

0 
I 

INOINfS:        Ford 

300 HO Um-liuiude» IT dutch. 
390 V-t — lncludtt 13" clutch yid tWuciU govtrnor. 
330 MO V-t, Ml HO V-t-Include, 13'clutch. Centn- 

vac Sfxemor and rrplacrablr tUmtnt oil filter 

INdNI  EQUIPMENT 
Crankcaae Emunon Syitem: 

Required for Calif. CloMd 
Fan (N.A. w/240 Six) Estr« CooUn« 
Goventor Velocity 

Rengee—Six 1800 3000 or 2800-3800 rpm 
Radiator         Extra Cooting: 
Tachometer   Mechanical* 
Tranaiatorized Ifnition Syaten Perma-Tuned t 
•u 330 HD V-S and 361 I'D V-8 only. 
)Requires optmnal ailrrnator 
IN.A. uMO HD Sit or 361 HD V-8 

ALHRNATORS: 
Autolite 46 amp.-675 watt 
Autolite     66 amp.—826 watt 
Leece-Ne\üle  60 amp.—900 watt 

AXUS, FRONT: 
55001b   Ford 
•000 lb. Ford-Rockwell 
7000 lb.    Ford-Rockwell* 
'li.lude, 15' x 3' hralm. 30004h. »prtnf and front thoek 
aimubtii. 

AXIIS, REAR      Ratioe 
15,000 lb. Slmle Speed 

Rockwell F-106 6.2. 6.8 or 7.2 to 1 
15,000 lb. Two-Speed 

Eaton 13802 . 5.83 8.12 or 6.33'8.81 to 1 
17,000 lb. SInale-Speed* 

Rockwell H-M" 6.83, 6.8 or 7.2 to 1 
17,000 lb. Two-Speed* 

Eaton 16802 6.67 7.76 or 6.50/9.04 to 1 
'/ecfodn 15'x 5' broke: 12*,' laruum hoottrr. /',' 
mater cylindrr and 8100-lb. »peingt. 

•ATTERY    12 volt-66 pUtee-70 amp-hr 
IRAKIS, SERVICE: 

V«c«wm-Nydf«ullc, NO 
Front: 6000-lb. axle     16' x 3'" 
Rear:   15,000-lb. axle. .:,.'*. 16* x 4 4'* 

I7.00D-Ib. .ixlr 16* x 6' 
Alr-Over-Hydroulk*} Bendix Air Pac 
Full Air* 

Axkdb.) C«m-Typo     Wedge-Typ« 
Front: 
Rear: 

6000,7000 16* x 2,4* 16* x 3* 
17,000 IIH'l4H*        15* x 6* 
17,000-HD.... - 16* x 6* 

»N.A. » IS' x 4' mr brttktt 
'Imiudet 12s,' vacuum tooiter and I't' natter cylindrr. 
iAvadable in mimr met as vacuum-hydraulic. 
'N.A. w 240 Six. Include» /', u ft air-cooledcompmoor, 
air wipen and low atr prnture butter. Include» governor 
w 300 HD Six Cam and wedge brake» N.A. in mixed 
romtinaliont 

iSelf-adfutting 

TIN <*W*UM*I nuum» %*•' 

•r AKE EQUIfMENT 

Brakee. Parkinj-Rear Wheel Spnng S.-1 • 
Limning Valve, Front Whael Air Brakee 
Vacuum Booater (w/16*x 4* brakw).    124* die.; 
Vacuum Reeerve Tank- Capacity 1100 cu. in.t 
'Require» full atr brake» 
'Include» vacuum ' .jge mäh low vacuum warning light. 
tlndudet f H* ■  uer cylinder. 

aUTCHfS: 
w/340 Sbi U*-159.8 aq. in. 
w/300 HD Six 7.....  18'-183.4 aq. in. 

FRAMIS: 
Sinfle Channel   36,000 pai 

Section Modulua 11.84 
Reinforced 36,000 pai 

Section Modulua (w inverted "L" reinf. i. . 18.00 

FUll TANKS: (In lieu of atd.) Frame Mounted 
Rectangular, LH (N.A. * 132' wb.)    30 gal. 

SHOCK ABSORBERS Front and or Rear 
(Front »hock abtorber» included w     'W-lb. axle.) 

SPRINGS-       Capacity <p Pad 
Pranf *  S500 A 6000-lb. axlaa      3000 lb. 

w/60e0 A 7000-lb axtaa  3300 lb. 
Raw    Radius-Leaf Type 

w 15,000-lb. axlaa 1100 lb. 
w/«ll axb« «300 lb. 
w/17,000-lb. axlaa      10,400 1b 

Avxiliary  2350 Ib.* 
'Recommended for urn  with  high center-af-gruitty load» 
and or (or off-highwa- operation 

STEERING, POWER     Linkage-Type 

TIRB:        Tube-Type 
7.60 x 20 10PR 
8.25 x 20 10PR 
8.25 x 20 12PR 
9.00 x 20 10PR 

TRANSMISSION« 
S-Speed 

Clark 260V Diract-in-Fifth 
Clark 251VO Overdrive-in-Fifth 

5-Speed      Synchronized 
Clark 2663-V1   Directin-Fiflh 
Clark 2622-VI Directin-Fifth 
Clark 264VO Overdrive-in-Fifth 

rxaMi M>»« wtr, .• #«K; M Ma IHM ikn 4M« mn nmmt» Im mMn* IM if 4 »inn u tu» mtu Cw* 
"•••" X "i '•"" " ""'f IMK^MWOI it <n>|ii »ifl>»«t aoMt «K •'»Mt McatM^ HHltn M KM« M* 
iMWMMWMWMitiaMnloMxttMrflrmil ' r-— fl -|r|-    1' r I n. j   Ij I .i_ 111   .  Ht I 

f*|M I* mem mm, "mem 
IT<M m )f«l"ff4 It It Mllllll tr HtMU, ,« m, ItMtr 

! 

I 

FORD   TRUCKS BUILT   TO   LAST   LONOERI 
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Characteriatic Sheet 

Ford F-600 Modified to Accept Terra Tires 

Payload 6,000 pounds 
Curb weight 6, 100 poui.ds 
G, V. W. 12, 100 pouna» 

Engine      300 in. 3,  6-cylinder,  gasoline. 
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APPENDIX B 

CONSTRUCTION OPERATIONS 
FOR MINIMAL ROADS 

Minimal Road I 

In most cases of constructing a Type I minimal road the existing path would have 
♦.o be widened (probable rif.ht-of-way of 20 feet) and cleared to accommodate the ROTE 
vehicles and the related roadway drainage facilities.    Some excavation, with earth moving 
less than 100 yards,  might be required to level the alignment of the existing path or to 
replace or remove poor roadway mterials.    Although the ROTE vehicles can traverse 
almost any terrain,  it would be desirable to have a relatively level roadway alignment 
wherever feasible to facilitate ease of vehicle operation.    Because of past utilization of 
the path with animal-drawn carts and because of the low bearing pressures associated 
with the large-contact-area tires, little effort should be requireH on the path surface. 
Some grading and shaping should occur to provide a crown in the path to assist in drain- 
age and to provide a relatively smooth operating roadway surface.    Drainage ditches 
should b#» c instructed along both sides of the path,  and in some low areas:   culverts may 
be required to handle large rainfall  runoffs in the monsoon seasons. 

A dozer with blade should be utilized to perform the clearing and excavation con- 
struction operations for Minimal Road I.    In addition, the dozer should assist in the con- 
struction of drainage ditches.    It is estimated that a dozer could proceed at the rate of 
1 mile per day performing these construction operations.    This is assuming that the sur- 
face vegetatioki does not include any trees that could not be uprooted by the dozer.    A 
grader should be utilized for shaping the roadway surface and to provide the finishing 
touches on the drainage ditches.    This operation would follow the dozer operation,   and 
it is estimated that the grader could proceed at a rate of 2 miles per day.    Culverts 
could be placed manually wherever they are needed.    Culvert installation operations 
should never interfere with the other roadway construction operations on this type of 

minimal roadway. 

Minimal Road II 

For the minimal roadway that is established through virgin areas by clearing sur- 
face vegetation and using the natural earth surface as the roadway surface (Minimal 
Road II),   the construction operations will be quite similar to those explained previously 
for Minimal Road I.    The basic difference will be that Minimal Road II will require more 
extensive clearing operations to provide a right-of-way wide enough (approximately 20 
feet) to accommodate the ROTE vehicles and the related roadway drainage facilities. 
Again,  because of the low bearing pressure;- associated with the high-contact-area tires, 
only a minimum compactive effort should Ve required on the roadway surface. 

I 
i 
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The dozer and grader will be utilized lor roadway construction operations in the 
same manner on Minimal Road II as for Minimal Road I. However, because of the more 
extensive clearing operations, it is estimated that the dozer could only proceed at a rate 
of 1/2 mile per day. 

Minimal Road III 

The minimal roadway that is established through virgin areas by clearing surface 
vegetation and performing a minimum amount of cut and fill excavation operations (Min- 
imal Road III) will require a relatively larger initial capital investment than the other 
minimal roadway types.    This is because excavation operations that require earth to be 
moved sizable distances result in a much greater effort in manpower,  equipment, and 
time than the other roadway-construction operations that are associated with minimally 
prepared roads.    Minimal Road III would probably be constructed in rice paddy or swampy 
areas where a roadway must be defined to establish a way or direction of crossing such 

an area. 

Minim; 1 Road III could be constructed in two ways (Figure B- la).    One method would 
be to establish a roadway by removing enough material from the area to accommodate the 
ROTE vehicle.    Dikes and drainage ditches would be established on both sides of the road 
to define the roadway.    If the area became inundated,  poles might have to be placed at 
selected intervals along the dikes to further define the roadway for utilization by the 
ROTE vehicle during the rainy season.    Since the ROTE vehicle can have an amphibious 
capability,  flooding of the adjacent swamp or rice paddy,  area should provid    no barrier 
to movement.    Another method would be to establish a dike wide enough to accommodate 
the ROTE vehicle by using locally available material wherever possible (Figure B-lb). 
This type of construction must take place during the dry season since the locally avail- 
able material would probably consist mostly of a wet clay.    However,  this clay usually 
dritJ. quite readily in the sun,  and it provides a fairly good subgrade material that will 
stand up to most adverse weather conditions with a minimum amount of compactive 
effort     This compaction could be provided by the ROTE vehicles utilizing the roadway 
and natural settlement.    Again,   if the dike was inundated in the rainy season,   poles 
might have to be placed along both sides of the dike to define the roadway. 

Clearing operations would not be required for this type of minimal road construc- 
tion since any clearing would be covered under the cost of excavation.    Culverts might 
be provided for the dike construction method if rapidly flowing water presented a poten- 
tial roadway washout problem.    In most cases,   rapidly flowing water is not a problem 
in low-lying rice paddies or swamps.    Grading and shaping operations for the dike con- 
struction method would be desirable,   if at all feasible, to facilitate vehicle operation. 
It would undoubtedly be impossible to perform a useful grading and shaping operation in 
the channel construction mehtod because oi water seepage problems. 

A dozer with blade could be utilized under most conditions to perform the required 
construction operations for Minimal Road Ul.    A tractor-scraper unit would be desirable 
for the channel construction method if soil conditions would support such a unit.    If soil 
conditions would not support a dozer, manual labor might have to be utilized to construct 
Minimal Road III.    (It requires 250 to 300 laborers working with shovels and picks to do 
the work of one dozer.)   It is estimated that a dozer could proceed at a rate of 1/2 mile 
per da" to perform the required construction operations under normal conditions in the 
dry season.    If possible, a grader should be utilized to assist in the grading and shaping 
operation for the dike construction method. 



I 
B-3 

I 
D 
i 
[ 
I 
I 
! 

I: 

> 

> 

m 

s. 

> 

> 
mm 

U 
2 5 a w 
3 
B 
z 
o 
—I 

H 
U 
aJ 
H 

Z 
o 
u 

w 
z z 1 u 
aj 
o 

w 
U 

«5 

§ 
H u 
u 

u 

§ 

§ 
2 

CQ 

W 
Oi 
P 



B-4 

Minimal roads that are established in mountainous areas will have to be similar 
to Minimal Road I.    However,  extensive clearing and excavation operations in moun- 
tainous regions usually raise the roadway construction costs to a level where the type 
of road could no longer be considered in the minimal category.    The ROTE vehicles 
have relatively good grade-climbing characteristics; therefore,  these vehicles should 
luve no problems traversing the majority of exiöling paths in mountainous areas,  pro- 
vided the paths are wide e tough. 
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APPENDIX C 

BRIEF DESCRIPTION OF THE GEOGRAPHICAL 
CHARACTERISTICS OF THE SAKON NA KHON' 

PROVINCE OF NORTHEAST THAILAND 

The northeast region of Thailand consists of 33 percent of the available land area 
and contains 35 percent of the population of the country.    This region has the lowest 
average standard of living in Thailand - $250 per person per year.    The northeast has 
approximately 30 percent of the roads (3600 km or 2160 miles) in Thailand's highway 
system of which: 

(1) 12 percent are primary roads 

(2) 11 percent are secondary roads -» 

(3) 77 percent are feeder ano local roads. 

The traffic volume (1963) on primary roads in the Sakon Na Khon Province varies from 
50 to 300 vehicles per day {75 percent trucks and buses).     Much of the existing system of 
feeder roads is simply cut trails which exist during the dry season but cannot be dis- 
tinguished from the rice paddies during the rainy season. 

The existing and potential transportation requirements for the Sakon Na Khon 
Province can be appreciated by noting the various agricultural and commercial activities 
that are carried on in this province and the bordering provinces.     Table C- 1  shows the 
various commodities which are important for both intra- and interprovincial trade. 

The problems involved in developing a feeder-road network in this area are deter- 
mined by the various topographical and climatic features of the area. 

The northeast is basically a broad,  upland plateau partially bordered on the west 
and south by relatively rugged mountains and on the north and east by the Mekong River. 
Generally,   the surface of the northeast regions is undulatory with some small shallow 
lakes and occasional hill ranges.    A large part of the northeast is covered with deciduous 
forests except along the major streams and low areas where the land is cultivated or is 
of a marshy nature. 

The surface features of the northeast can be categorized as follows: 

(1) The alluvial plains are rather pronounced river basins.    The sediments 
in the plains are mainly clay,  but lighter textured materials are found 
on the levees, 

(2) The low terrace areas occupy a relatively higher position than the al- 
luvial plains.     The higher parts of this terrace are composed of light- 
textured sediments,   whereas in the lower parts,   heavy deposits domi- 
nate the surface layers.     Rice fields normally occupy the lower parts, 
while forest land predominates in the higher parts. 
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C-3 and C-4 

(3) The middle terrace formations are normally undulating to rolling 
and are quite diverse and differ from others in that traces of the 
old alluvial pattern cannot be readily recognired.    The upper 
stratum is sandy and the lower one is clayey.    The transitional 
zone is mostly very abrupt and is often characterized by the 
presence of laterite gravels and rounded pebbles.    Only a rela- 
tively small area of the high terrace formations remains in the 
Northeast.    Erosion through the years has left, only small "islands" 
higher than and surrounded by the younger terrace formations. 

(4) Hill ranges,  peaks,  and low ridges can be observed throughout the 
Northeast.    They are composed mainly of sandstone and conglomerate. 

Alluvial soils are composed of recent,  water-deposited sediments of the flat or 
gently sloping flood plains of the rivers and lakes.    In the larger flood plains,  the .nate- 
rials are mainly clays; but in the smaller flood plains and valleys of the interior, 
medium-textured sediments are more common.    Coarse materials are deposited on 
levees of rivers,   creeks,   and alluvial fans in hilly areas.    Fine-textured sediments are 
found in valley basins and lake bottoms.    Dra.nage conditions of the alluvial soils differ 
greatly.    Most are poorly drained and grayish.    Better-drained soils, found mainly on 
levees and alluvial fans,   are usually brownish throughout. 

The rainfall of the Sakon Na Khon area is shown in Table C-2. 

TABLE C-2.    MONTHLY RAINFALL DATA FOR SAKON NA KHON PROVINCE 

1963 1962 

Rainfall,   mm Rainfall,   mm 

Month 
Rainy 
Days Total 

Heaviest 
in 24 Hours 

Rainy 
Days Total 

Heaviest 
in 24 Hours 

Average 
Rainfall, 

mm 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

2 

4 
18 
22 
24 
21 
20 

4 
4 

5. 7 
70. 1 
14.9 

202.7 
448. 7 
363.8 
321. 2 
185.2 
23. 5 
59.2 

3. 1 
35. 6 
12.3 
39.2 
74.9 
59.2 
74. 3 
35.2 
11.4 
52.2 

28.8 
96.1 

260. 5 
281.0 
215. I 
388.9 
286. 1 
127.6 
35.9 

6.9 
18.9 
54. 5 
88. 8 

235. 5 
233.9 
259 
270 
255 

54 
12 

1.2 
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APPENDIX D 

DERIVATION OF ROAD-CONSTRUCTION COSTS 

Table D-l shows the composition of road-construction costi for primary, 
secondary, and feeder roads.    Because conditions vary greatly in different countries 
and areas, such a table can only be illustrative.    Table D-l is representative of average 
working conditions for road construction in rolling terrain with adequate subsoils and 
with quarries or pits of suitable road materials available at sites not more than 10 miles 

apart. 

The construction-cost figures that are shown in Table D-2 were derivsd from an- 
alyzing road-construction-cost data from many developing countries with vastly different 
terrain and climate conditions.    These figures take into account the following: 

(1) Salaries of skilled and unskilled labor 

(2) Cost of materials 

(3) Equipment depreciation 

(4) Supplies for the equipment (fuel, lubricants, repair parts, etc.) 

(5) Overhead 

(6) Custom duties and other taxes. 

The ronstruction-cost figures for secondary roads are actually the amount of 
capital needed to upgrade a feeder road to secondary-road standards.    Experience m 
constructing primary roads in developing countries indicates that the cost of new con- 
struction is approximately the same as upgrading a secondary road to primary road 
standards. 

Table D-3 shows typical annual roadway maintenance cost comparisons for the 
various types of roadways found in developing countries.    As with roadway construction 
costs, it is very difficult to establish representative roadway maintenance costs for 
each type of roadway because the factors that affect the amount and type of maintenance 
required vary greatly from one region to another. 

The cost of each type of road-construction operation in developing countries was 
determined by multiplying the percentage figure from Table D-l by the total cost per 
mile for each type of road from Table D-2. 

The cost/mile of the three minimal-road types was then computed by estimating 
the proportion of various construction operations required (Tables D-4, D-5, and D-b) 
and deriving the actual cost (Table D-7). 

Tables D-4 and D-5 show the probable composition of road-construction costs for 
Minimal Road. I and U through remote areas in nonmountainous terrain and dry-weather 

conditions 
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TABLE 
D-l.    COMPOSITION OF ROAD-CONSTRUCTION COSTS 

paction of base courses 

Road surfacing: 

Bituminous surface 
treatment 

High-type bituminous 

Drainage and masonry works 
(ditches, culverts, retain- 
ing walls, etc.) 

Structures (bridges, 
viaducts, etc.) 

Total 
100 

Tvpe of Operation 

Percent 

Feeder 
Road 

of Total Cost of Road per 

Secondary 
Road 

Mile 

Primary 
Read 

Clearing 

Excavation with earth moving 
less than 100 yards 

3 

20 

2 

16 14 

Transport of earth more than 12 10 

100 yards 

Compaction and grading 12 11 10 

Production of road materials 12 10 

Haulage of road materials 18 

9 

13 

8 

10 

12 

100 

18 

b 

16 

100 
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TABLE D-2.    REPRESENTATIVE ROADWAY-CONSTRUCTION 
COSTS FOR THE VARIOUS TYPES OF ROAD- 
WAYS IN DEVELOPING COUNTRIES 

Type of Roadway Cost per Mile, dollars 

Feeder ^,000 
Secondary 25,000 to 50,000 
Primary 50,000 to several hundred thousand 

TABLE D-3.    REPRESENTATIVE ANNUAL ROADWAY- 
MAINTENANCE COSTS FOR THE 
VARIOUS TYPES OF ROADWAYS 
IN DEVELOPING COUNTRIES 

Type of Roadway Cost per Mile, dollars 

Feeder »00 
Secondary 2,000 
Primary 1,500  

TABLE D-4.    COMPOSITION OF ROAD-CONSTRUCTION 
COSTS FOR MINIMAL ROAD I 

Type of Operation 
Percent of Total Cost 

of Road per Mile 

Clearing and excavation with earth 
moving less than 100 yards 

50 

Drainage and masonry works 
(ditches and culverts) 

30 

Grading and shaping 20 

Total 100 
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TABLE D-5.    COMPOSITION OF ROAD-CONSTRUCTION 
COSTS FOR MINIMA L ROAD II 

Percent of Total Cost 
 Type of Operation of Road per Mile 

Clearing and excavation with earth 60 
moving less than 100 yards 

Drainage and masonry works 30 
(ditches and culverts) 

Grading and shaping 10 

Total 100 

TABLE D-6.    COMPOSITION OF ROAD-CONSTRUCTION 
COSTS FOR MINIMAL ROAD III 

Type of Operation 
Percent of Total Cost 

of Road per Mile 

Excavation with earth 
less than 100 yards 

moving 94 to 100 

Drainage (culvert-.) 0 to 3 

Grading and shaping 0 to 3 

Total 100 

TABLE D-7.    MINIMAL-ROAD CONSTRUCTION COSTS 

Minimal Road Cost per Mile, dollars 

TYP« I 0 to 800 
TYP«" 1,400 
Type IU 2,000 to 5,000 

.% 

3 

Table D-6 shows the probable composition of road-construction costs for Minimal 
Road III in swampy or rice paddy areas    nder dry-weather conditions. 

Road maintenance for a minimal-roadway network could consist of a grader to per- 
form the surface grading and shaping and ditch cleaning and shaping, a number of manual 
laborers to perform such roadside maintenance as culvert cleaning and surface patching, 
and a crew supervisor to maintain control over the maintenance work being performed. 
This maintenance la estimated at $300/mile per year. p 
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TABI.E D-5.    COMPOSITION OF ROAD-CONSTRUCTION 
COSTS FOR MINIMAL ROAD II 

Percent of Total Cost 
 Type of Operation of Road per Mile 

Clearing and excavation with earth 60 
moving less than 100 yards 

Drainage and masonry works 30 
(ditches and culverts) 

Grading and shaping 10 

Total 100 

TABI E D-6.    COMPOSITION OF ROAD-CONSTRUCTION 
COSTS FOR MINIMAL ROAD III 

Type of Operation 
Percent of Total Cost 

of Road per Mile 

Excavation with earth movi 
less than 100 yards 

ng 94 to 100 

Drainage (culverts) 0 to 3 

Grading and shaping 0 to 3 

Total 100 

TABLE D-7.    MINIMAL-ROAD CONSTRUCTION COSTS 

Minimal Road  Cost per Mile, dollars 

TyPe * 0 to 800 
TyPe U 1,400 
Typ« iu 2^000 to 5,000 

Table D-6 shows the probable composition of road-construction costs for Minimal 
Road III in swampy or rice paddy areas under dry-weather conditions. 

Road maintenance for a minimal-roadway network could consist of a grader to per- 
form the surface grading and shaping and ditch cleaning and shaping, a number of manual 
laborers to perform such roadside maintenance as culvert cleaning and surface patching, 
and a crew supervisor to maintain control over the maintenance work 1 eing performed. 
This maintenance is estimated at $300/mile per year. pi 
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Subjects Report No. RACir-rE-59 
Prepared for AftPA^Project AGILE: 
"A Feasibility Study of a Ranote 
Area Land Transportation Concept' 

Gentl 

At the tiae the subject report was being prepared by RACIC, 
Battelle Memorial   Institute,  several eodifIcatlons were aade 
on tte Rolligon Model  <*<i50.    Attached is an up-to-date data 
sheet describing tlw characteristics of Rolligon Corporation's 
Model U450.     If you will  Insert this data sheet  in Appendix A, 
Page A-l of your report   .1 will be current. 

Rolligon Corporation's  sole business  is the design,  developsent 
end sMnufacture of off-highway equlpeent,  therefore, we are 
always glad to collaborate and cooperate with U. S. Govemnent 
agencies or its contractors to  .■esolvc esobillty problees  so 
frequently encountered In «any parts of the world. 

If we can be of any assistance to you please let us know. 

Yours very truly, 

John G. Hellend,  Sr. 
President 
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Amphibious,.. 

Maneuverable. 

Job Proven... 

Economical... 

Th« M«r«h Sk*«t*f «Mtwf« tf>« ptykMd — ov*f d««p mud. marthM. swamp«, delta araas. 
•and duna«. mutkac »now. and inland waterways Thi» amphibiout vahtcla, while operating on 
the i^b with full paytoad tn Louisiana swamp«. Oulf Coast marshes and daap m Southeast Asian 
lungla«. ha« proven it« ability to operate effectively in all type« of off highway terrain 

Rolligon low praaaura tires are eidusive to Roiligon vehicles Being eitremety resilient, they 
mold to the contour of the ground and lay down an exceptionally large footprint This re«u!t« 
in minimum ground bearing pre«sufe for the load involved (1.5 p.a.1 empty — 2.0 loaded) Be 
cause of their fleuMlity and resiliency, Rolligon tires "«wallow" «harp ejects and obstruction« 
that would puncture normal high pressure lira«. 

The Marsh Skaatar« fully articulated frame provide« positive traction by keeping all four 
powered wheat« in constant contact with the ground Bach wheels track the front. Canter frame 
steering, permitting turn« in a ".9 foot radius, makes the Marsh Skeeter more maneuverabte than 
a standard car or pick up truck. 

Rolligons can be built with custom features adaptable to your operations. They are reason 
abty priced, and operate economically in the field 

^ 
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SpeDlfications-   Modal 4450 
Pay load: 2.500 lbs. on land   1.500 lbs on water* 

Engine: Four Cylinder. 172 cu. in. d.^plarement gaso- 
line: diesel optional 

Transmission: 4 speed and reverse, manual shift 

Alles. Spicer. No spin differentials 

Brake«: Drive Line, hand lever, foot brake optional 

Electrical System: 12 vo't 

Instruments: Ammeter. Hourmeter. Oil & Water Gauge 

Tire«: Four 40 x 50 Rollitires mounted on Aluminum 
wheels, all powered Steel wheels optional» 

Cargo Deck and Support A««embly: Aluminum.  Steel 
optional.* 

Deck size  Area — 31 nq  ft. 

Width — 6 ft. 1 in. Length — 5 ft. 1 in 

Frame; Steel, fully articulated 

Drawbar Hull: 90% GVW on dry land. 50% GVW in mud. 

Curb Weight: 3 200 lbs ' 

Width. Overall: 9 ft   lli/2 in. 

Length. Overall: 13 ft. 0 in 

Height. Overall: 6 ft. 11 in 

Wheel Base: 100 in 

Ground Clearance: 20 m 

Gradeability: Forward slope 60% 
Side slope 45% 

Angle of approach: 60 

Angle of departure: 80 

Ground Bearing Area: 2800 sq. in. 
700 sq. m. per tire 

Fuel Tank Capacity: 8 Gal 

Average Fuel Consumption: 1 GPH 

Top Speed: Land. 30 MPH 
Water. 3 MPH 

•Stt* C«rgo D«ck A Support A*»^- My and Ste* WhMtt incrMM curb »«tgtit 400 lb«   dacrMM 
P»yto»d on Und to 2.100 lb» «oa to 1.100 lb» on ••tof 
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Mar»h Skewers have turned in top performance transporting cargo, equipment,  instruments and/or 
personnel for companies engaged in: 

Geophysical Exploration ut.hty Constructwn P.p.i.ne Construction 

Rpelme Maintenance Und Development Landscape Construction 

Dredging Operat.ons A.rport Operations Oil & Mining Development 

Rolligon Corporation manufactures various types of off highway equipment with load capacities from 1 

to 5 tons. We have engmtenng and production facilities to resolve your off highway vehicle needs. 

Rolligon Corporation P. 0. Sox 36265 
Houston, Texas 77036 
Telephone.  7i3Gy8 6391 


